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Summary
Introduction: Foreign body aspiration is a serious condition during childhood that requires
prompt management to avoid complications and irreversible lung injury. Rigid bronchoscopy
under general anaesthesia is the procedure of choice for removal of aspirated foreign bodies,
but it can be associated with serious complications. The positive diagnosis can sometimes be
challenging except in the case of radiopaque or obstructive foreign bodies, due to the low
sensitivity and speciﬁcity of clinical history and physical examination.
Objective: The aim of this review is to evaluate the various investigations in children with
suspected foreign body aspiration, in order to reduce the negative rigid bronchoscopy rate.
Material and method: Review of the literature based on Medline data between 1980 and 2010.
Results: Chest radiography during inspiration and expiration, often performed as the ﬁrst-line
radiographic investigation, has a low sensitivity and speciﬁcity. In the absence of a radiopaque
foreign body, obstructive emphysema is the most speciﬁc radiographic sign. Airway ﬂuoroscopy
can complete chest radiography when radiographic signs are nonspeciﬁc. Flexible bronchoscopy
is the most sensitive and most speciﬁc examination, but is not always available, as it must be
performed in the operating room or with resuscitation equipment at hand. This procedure should
be performed when foreign body aspiration is suspected in the absence of typical clinical and
radiological signs. It can decrease the number of negative rigid bronchoscopies. Several studies
suggest that chest CT is also a very sensitive examination in this indication.
Conclusion: The sensitivity and s
must be validated by a prospec
to determine whether CT can r
foreign body is uncertain.
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Introduction
Foreign body aspiration in children is a potentially
serious household accident that constitutes a frequent
presenting complaint in paediatric emergency rooms.
Prevention and information campaigns in some coun-
tries have been shown to be effective with a greater
than one-third reduction of the incidence of these acci-
dents [1]. The estimated incidence in France was four
cases per 10,000 in 1980 [2]. Over recent years, as a
result of prevention campaigns and regulations concerning
products designed for children, the infantile mortal-
ity rate from asphyxiation has decreased signiﬁcantly
[3].
More than 80% of cases of foreign body aspiration occur
during early childhood, with a peak incidence between the
ages of 10 and 24 months [4,5]. The absence of molars and
premolars and the tendency to put all objects in the mouth
account for the particular predisposition of children of this
age-group.
Symptoms can vary considerably according to the site of
the foreign body in the airways. When the foreign body is
trapped in the larynx or trachea, respiratory distress or stri-
dor are immediately suggestive of the diagnosis. However,
in the great majority of cases (75 to 94% of cases), the for-
eign body migrates to the bronchi and clinical signs are much
less constant [4,6,7]. The positive diagnosis of bronchial for-
eign body can therefore be difﬁcult in the presence of few
or no symptoms. As the risk of complications and perma-
nent lung injury due to the presence of a bronchial foreign
body increases with time to extraction, it is important to
establish the diagnosis as soon as possible [8,9]. The stan-
dard technique for extraction of a bronchial foreign body
in children at the present time is rigid bronchoscopy under
general anaesthesia, but this technique is too frequently
used for both diagnostic and therapeutic purposes, result-
ing in a negative bronchoscopy rate of 10 to 61% according
to various teams [5,6,10—13] and rigid bronchoscopy is
not devoid of complications, particularly in young chil-
dren.
The objective of this article, based on a review of the
literature, is to determine the most appropriate comple-
mentary investigations in a case of suspected bronchial
foreign body in children in order to decrease the negative
rigid bronchoscopy rate.
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Table 1 Sensitivity (Sens.) and speciﬁcity (Spec.) of clinical hist
graph and chest CT for the diagnosis of bronchial foreign body acc
Penetration syndrome Chest examina
Sens. (%) Spec. (%) Sens. (%) Sp
Heyer CM, 2006 75.4 92.1 56.6 65
Righini CA, 2007 88 10
Ciftci AO, 2003 91 46 86 26
Ayed AK, 2003 82 38 80 72
Hong SJ, 2008
Cevizci N, 2008
Haliloglu M, 2003ign body aspiration. Review 249
linical features of bronchial foreign body
he key clinical diagnostic feature is the penetration
yndrome, corresponding to respiratory defence reﬂexes
expulsive cough and laryngeal spasm) in response to pene-
ration of a foreign body. The penetration syndrome consists
f features of asphyxia with cyanosis associated with cough-
ng ﬁts, but it can also be clinically silent in 12 to 25% of
ases [14,15]. At the acute phase, the most frequent clinical
igns are wheezing, localized decrease or loss of vesicular
reath sounds and intercostal retraction. At a later phase,
hen the penetration syndrome has been missed, the child
ften presents with a history of recurrent pneumonia in the
ame territory. Table 1 illustrates the lack of sensitivity and
specially speciﬁcity of the penetration syndrome and phys-
cal examination at the acute phase of bronchial foreign
ody based on the ﬁndings of various studies, highlighting
he essential role of complementary investigations in the
anagement of suspected bronchial foreign body.
omplementary investigations
hest radiograph
n 80 to 96% of cases, foreign bodies are radiolucent, but
n AP chest radiograph in inspiration and forced expira-
ion can demonstrate indirect signs of bronchial obstruction
Table 2). The most common indirect sign at the acute phase
s obstructive emphysema with air trapping, detected in 17
o 69% of cases [10,13,16,17]. This emphysema is due to par-
ial obstruction of the bronchus by the foreign body, blocking
xpiratory passage of air due to a valve effect. Emphysema is
ore easily demonstrated by comparison of AP inspiratory
nd forced expiratory radiographs, but these ﬁlms cannot
lways be obtained in young children, in which case airway
uoroscopy is required.
Atelectasis, present in 12 to 41% of cases, is due to
omplete obstruction of the bronchus with distal collapse
f the pulmonary parenchyma [10,13,16—18]. Atelectasis is
bserved later, following the development of an inﬂamma-
ory reaction or when the foreign body migrates towards
maller calibre bronchi. More rarely, pneumothorax or pneu-
omediastinum may be observed, due to perforation of the
ronchus by the foreign body or alveolar rupture.
ory (penetration syndrome), chest examination, chest radio-
ording to various studies.
tion Chest radiograph Chest CT
ec. (%) Sens. (%) Spec. (%) Sens. (%) Spec. (%)
.8 62.3 97.4
88 70
88 30
66 51
100 66.7
100 86.8
85 68 100 100
250 A. Hitter et al.
Table 2 Radiographic appearance of bronchial foreign bodies according to various series; results expressed as a percentage.
Cataneo
AJ, 2008
Sersar SI,
2006
Zaupa P,
2009
Viot A,
2002
Tokar B,
2004
Heyer
CM, 2006
Tang LF,
2009
Radiopaque 20.7 15.72 7.69 6.25 19.7 4 —
Atelectasis 40.9 25 22 12.5 13.3
Emphysema 17.1 31 41.4 68.8
Pneumonia 6.72 11.8 56.3
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foreign body, extraction can be performed during the same
procedure with a ﬂexible ﬁbroscope in the case of a small
foreign body, or with a rigid bronchoscope.
1. Asphyxia? Rigid 
bronchoscopy
Rigid 
bronchoscopy
2. 
Radiopaque
FB?
3. Unilateral
reduction of 
VBS and  
unilateral
emphesema ?
Rigid 
bronchoscopy
Flexible 
bronchoscopy
Yes 
Yes 
Yes 
No
No
No
BFB +Normal 21.3 30
The radiographic appearance can vary over time and
ome signs are only observed at later stages. According to
ilva and Mu, the sensitivity and speciﬁcity of chest radio-
raph are increased when chest radiography is performed
4 hours after aspiration [19,20]. At the acute phase, chest
adiography has low sensitivity and speciﬁcity for the diag-
osis of bronchial foreign body (Table 1) and is reported as
ormal in 14 to 37% of cases (Table 2) [10,11,13,17,21].
irway ﬂuoroscopy
his radiographic technique allows ﬂuoroscopic visualization
f respiratory movements, particularly displacement of the
iaphragm and mediastinum. In the absence of characteris-
ic radiographic signs, airway ﬂuoroscopy may demonstrate
ediastinal shift reﬂecting obstructive emphysema with
ecreased diaphragmatic movements on the side of the
oreign body. This is an operator-dependent examination,
hich currently has a limited value in this indication, par-
icularly since the development of multidetector computed
omography (CT).
hest computed tomography
ecent progress in medical imaging, with the development
f multidetector CT, has decreased acquisition time and
mproved image quality. This examination can be performed
n children without sedation, as it only takes a few seconds
n a cooperative patient. According to various studies, the
ensitivity of multidetector CT for the detection of bronchial
oreign body is close to 100% with a speciﬁcity of between
6.7 and 100% [22—24]. False-positives are generally related
o the presence of a mucus plug or artefact. No false-
egatives have been reported to date, but the sensitivity
f this examination cannot be reliably determined due to
he small sample sizes of published series (the largest series
omprises 60 cases).
CT can reduce the rigid bronchoscopy operating time by
roviding the surgeon with precise information about the
ite and size of the bronchial foreign body. CT can also
isualize associated lung lesions (emphysema, atelectasis,
neumothorax, bronchiectasis).
lexible bronchoscopylexible bronchoscopy plays an essential role in the diagno-
is due to its very high sensitivity and speciﬁcity (close to
00%) [25]. In rare cases, ﬂexible bronchoscopy may fail to
F
b
V37 18.4 14
emonstrate the bronchial foreign body in the presence of
n intense granulomatous reaction around the foreign body
r in the presence of abundant bronchial secretions [26].
artinot, in 1997, proposed a diagnostic algorithm deﬁning
he place of ﬂexible bronchoscopy in the management of
ronchial foreign body (Fig. 1). In practice, most teams, in
ine with the algorithm proposed by Martinot, recommend
exible bronchoscopy when clinical and/or radiographic
igns are inconclusive. Inclusion of ﬂexible bronchoscopy in
he diagnostic algorithm signiﬁcantly decreases the negative
igid bronchoscopy rate [26,27].
Flexible bronchoscopy can be performed in children
nder simple sedation associated with upper airway local
naesthesia in a room equipped with resuscitation equip-
ent, but is usually performed in the operating room under
eneral anaesthesia. When it conﬁrms the presence of aigure 1 Diagnostic algorithm in a case of suspected
ronchial foreign body in children according to Martinot, 1997.
BS: vesicular breath sounds.
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Table 3 Advantages and disadvantages of CT and bronchoscopy for the positive diagnosis of bronchial foreign body in children.
Multidetector CT Bronchoscopy
Advantages No anaesthesia
Rapid
Noninvasive
High sensitivity
High sensitivity
High speciﬁcity
Information on appearance of the mucosa
Possibility of aspiration of small foreign bodies
Disadvantages False-positive (mucus plug, artefacts)
Unreliable for lesions < 3mm [21]
Limited availability
Invasive
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Most authors consider rigid bronchoscopy to be the stan-
dard technique for extraction of bronchial foreign bodies
in children, with a success rate greater than 97% [4,9,25].
However, this technique is not devoid of risks. According
to various authors, the complication rate related to rigid
bronchoscopy ranges between 2 and 22%. The most frequent
complications are laryngeal oedema and pneumothorax, but
more serious complications such as tracheal tear, bronchial
tear, hypoxia and cardiorespiratory arrest can also occur.
Fortunately, these complications remain exceptional, par-
ticularly for experienced paediatric bronchoscopy teams
[9]. However, in view of this potential risk, it is impor-
tant to decrease the negative rigid bronchoscopy rate. The
diagnostic algorithm comprising ﬂexible bronchoscopy, as
proposed by Martinot, has reduced the negative rigid bron-
choscopy rate to 2% (vs. 18% before application of this
algorithm) [28,29]. Chest CT with 3D reconstruction now
provides virtual tracheobronchoscopy, thereby facilitating
the management of bronchial foreign body in children by
replacing bronchoscopy in doubtful cases. The advantages
and disadvantages of CT and ﬂexible bronchoscopy are pre-
sented in Table 3. According to Cevizci et al., multidetector
CT can be performed in children with minimal radiation
risks, provided it is performed in line with the guidelines pro-
posed by Paterson in 2007 [22,30]. The results of the ongoing
French multicenter study evaluating thin-slice CT for the
detection of bronchial foreign body should more precisely
deﬁne the role of this imaging modality (Programme Hospi-
talier de Recherche Clinique directed by Prof. Manach; web
site: http://clinicaltrials.gov, reference NCT00747981).
The place of ﬂexible bronchoscopy in the management of
bronchial foreign body probably needs to be redeﬁned, as its
role in diagnosis may become more limited in favour of chest
CT. In contrast, it has an increasingly important role in treat-
ment over recent several years, as extraction of a bronchial
foreign body by ﬂexible bronchoscopy has been reported by
several teams, but with very variable success rates: between
10 and 100% [16,25,31]. Flexible bronchoscopy equipment is
poorly adapted to extraction of bronchial foreign bodies in
children and rigid bronchoscopy tends to be preferred due to
the risk of trapping of the foreign body in the larynx or tra-
chea. On the other hand, ﬂexible bronchoscopy can be very
useful for extraction of very distal bronchial foreign bodies
that are sometimes inaccessible with a rigid bronchoscope
[31].onclusion
he positive clinical diagnosis of bronchial foreign body is
ften difﬁcult, due to the low sensitivity and speciﬁcity
f the penetration syndrome and pulmonary auscultation.
omplementary investigations therefore play an essential
ole in children with suspected bronchial foreign body, with
he objective of decreasing the negative rigid bronchoscopy
ate. The contribution of chest radiography depends on
maging conditions (inspiration and expiration ﬁlms) and the
uality of interpretation. A doubt concerning the diagnosis
herefore sometimes persists after completion of the clinical
ssessment and chest radiography. Flexible bronchoscopy
as been the investigation of choice for suspected bronchial
oreign body in the absence of clear-cut clinical and radio-
raphic arguments, but could be replaced in the future, in
his indication, by chest CT with 3D reconstruction.
In practice, rigid bronchoscopy should always be per-
ormed as ﬁrst-line procedure in the presence of a
adiopaque, obstructive foreign body, or in the presence
f a combination of characteristic clinical and radiographic
igns. In the other cases, the presence of a foreign body must
e conﬁrmed by either ﬂexible bronchoscopy or chest CT.
isclosure of interest
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